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The increasingly prominent problems of the energy shortage and 
environment pollution make the research of new energy sources such as 
solar energy, hydrogen energy, etc. cause widely attention. To enhance 
the efficiency of energy utilization is one of the effective ways of 
solving these problems. Thus, the deep investigation on the material 
performances, device functions and system designs has become a current 
hot topic in the related fields. This thesis mainly studies the 
performance of the solid-state energy conversion devices such as 
thermionic devices, thermoelectric devices, and fuel cells and their 
hybrid systems, explores the possible ways to reduce internal and external 
irreversible losses, establishes the corresponding optimization theories, 
and provides the optimum design criteria of performance parameters. Main 
research contents are divided into three parts. 
The first part contains Chapters 2-4. The effects of internal and 
external irreversible losses on the performance of a vacuum thermionic 
generator (TIG) and its hybrid systems are investigated. The model of the 
vacuum thermionic generator is updated by considering the influences of 
external heat leakage losses and internal main irreversible losses on the 
operating temperatures of the TIG. The optimal choice criteria of several 
important parameters are determined by analyzing the effects of the 
voltage output and the work functions of electrode materials on the 
performance of the system. Furthermore, a new model of the hybrid system 
consisting of a vacuum thermionic generator and a thermoelectric 
generator (TEG) is proposed to utilize the waste heat from the TIG. The 
temperatures of the electrode plates of the TIG and the cold side of the 
TEG are determined through energy balance equations. Analytic expressions 
for the power output and efficiency are derived. The effects of the voltage 














on the power output and efficiency are discussed. The optimally operating 
regions of key parameters in the hybrid system are determined. To recycle 
the waste heat released by the solid oxide fuel cell (SOFC), an SOFC-TIG 
hybrid system is established. Through the comprehensive consideration of 
the irreversible losses in the system, the relation among the current 
density, the voltage output, and the area ratio is obtained. The maximum 
power output and efficiency are calculated and the optimally operating 
regions of the system are determined. The results obtained here show that 
the TIG can be more efficient to utilize the waste heat produced in the 
SOFC. 
The second part is given by Chapter 5. Based on the current theory of 
photon-enhanced thermionic solar cells (PETSCs), a nanoscale vacuum gap 
PETSC model is established. The influences of the quantum tunneling effect 
and the image force effect on the electric current are 
quantitatively analyzed for different vacuum gaps. The influences of the 
vacuum gap between two electrode plates, band gap of the cell material, 
and flux concentration on the efficiency are discussed. The results 
obtained show that the efficiency of PETSCs can be significantly improved 
by employing a nanoscale vacuum gap. 
The third part includes Chapters 6 and 7. The characteristics of 
electron transmission and performance in quantum dot (QD) thermoelectric 
devices. A general model of the spin degenerate QD engine operated between 
the two electronic reservoirs and acted in external magnetic field is 
established. The model is general, including some QD thermoelectric 
models discussed in recent years. Under the steady state condition, the 
characteristics of electron transmission in the QD engine are 
investigated based on the rate equation. The influences of the magnetic 
field and position of the energy level on the performance of the system 














engine are calculated. The optimal regions of the position of the energy 
level and the magnetic field are determined. The results obtained are of 
great significance for the general performance description of different 
quantum dot thermoelectric devices. Moreover, a model of the 
three-terminal QD refrigerator driven by magnon is proposed. The 
directions of spin currents and heat fluxes in differently working regions 
are discussed. The effects of the magnetic field, bais voltage, position 
of the energy level, and polarization of the leads on the matter currents 
and heat fluxes are analyzed. The maximum refrigerant rate and COP are 
determined. Two kinds of refrigeration strategies are compared. The 
results obtained show that the ferromagnetic insulator is more suitable 
to be chosen as the cooling space. 
In this thesis, the models of the thermionic and thermoelectric devices 
are updated and the new models of some hybrid systems of these devices 
are constructed. The results obtained not only enrich the theories of the 
thermionic and thermoelectric devices but also provide some theoretical 
guidance for the optimum design and best operation of these systems. 
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